In the analysis of social dominance in groups of animals, linearity has been used by many researchers as the main structural characteristic of a dominance hierarchy. In this paper we propose, alongside linearity, a quantitative measure for another property of a dominance hierarchy, namely its steepness. Steepness of a hierarchy is defined here as the absolute slope of the straight line fitted to the normalized David's scores (calculated on the basis of a dyadic dominance index corrected for chance) plotted against the subjects' ranks. This correction for chance is an improvement of an earlier proposal by de Vries (appendix 2 in de Vries, Animal Behaviour, 1998, 55, 827-843). In addition, we present a randomization procedure for determining the statistical significance of a hierarchy's steepness, which can be used to test the observed steepness against the steepness expected under the null hypothesis of random win chances for all pairs of individuals. Whereas linearity depends on the number of established binary dominance relationships and the degree of transitivity in these relationships, steepness measures the degree to which individuals differ from each other in winning dominance encounters. Linearity and steepness are complementary measures to characterize a dominance hierarchy.
In the analysis of social dominance in groups of animals, linearity has been used by many researchers as the main structural characteristic of a dominance hierarchy. In this paper we propose, alongside linearity, a quantitative measure for another property of a dominance hierarchy, namely its steepness. Steepness of a hierarchy is defined here as the absolute slope of the straight line fitted to the normalized David's scores (calculated on the basis of a dyadic dominance index corrected for chance) plotted against the subjects' ranks. This correction for chance is an improvement of an earlier proposal by de Vries (appendix 2 in de Vries, Animal Behaviour, 1998, 55, 827-843) . In addition, we present a randomization procedure for determining the statistical significance of a hierarchy's steepness, which can be used to test the observed steepness against the steepness expected under the null hypothesis of random win chances for all pairs of individuals. Whereas linearity depends on the number of established binary dominance relationships and the degree of transitivity in these relationships, steepness measures the degree to which individuals differ from each other in winning dominance encounters. Linearity and steepness are complementary measures to characterize a dominance hierarchy. Dominance hierarchies can be characterized in terms of two properties: linearity and steepness. Although a measure of linearity, along with a statistical test procedure, is available (de Vries 1995), a quantitative operational measure of the steepness of a dominance hierarchy does not exist. In an often-quoted paper about primate socioecology, van Schaik (1989, page 206) used the terms 'egalitarian' and 'despotic' (see also Vehrencamp 1983) to describe dominance hierarchies that are 'weakly linear and shallow' and 'steep and linear', respectively. Although the term 'steepness' was thus introduced conceptually, an operational measure, along with a statistical test procedure, to be used in empirical studies has not been provided. Nevertheless, the concept has since been used (sometimes referred to as 'dominance gradient') in several behavioural studies such as biological market models (e.g. Barrett et al. 1999; Henzi & Barrett 1999; Leinfelder et al. 2001 ) and theoretical modelling studies by Hemelrijk (1999) and Hemelrijk & Gygax (2004) , who used the coefficient of variation as a measure of rank differentiation. The concept is further pivotal in the realms of social power and dominance styles (Flack & de Waal 2004) Linearity in a set of binary dominance relationships depends on the number of established relationships and on the degree to which these relationships are transitive (Landau 1951; Kendall 1962; Appleby 1983; de Vries 1995) . The steepness of a dominance hierarchy refers to the size of the absolute differences between adjacently ranked individuals in their overall success in winning dominance encounters (i.e. dominance success). When these differences are large the hierarchy is steep; when they are small the hierarchy is shallow. Whereas linearity is based on the binary dyadic dominance relationships, steepness requires a cardinal rank measure (Flack & de Waal 2004) .
Two broad types of methods can be used to produce a linear hierarchy (reviewed in de Vries 1998; also Jameson et al. 1999; de Vries & Appleby 2000; Albers & de Vries 2001; Gammell et al. 2003) . In the first type the dominance matrix is reorganized such that a numerical criterion, calculated for the matrix as a whole, is minimized or maximized. This yields an ordinal rank order. The second type provides a suitable measure of individual overall
